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T ABSTRACT 

On t h e  b a s i s  of  photometry of  solar corona photographs 

ob ta ined  on 30 June 1954 by means of  a three- lens  camera with 

p o l a r o i d s ,  determined a r e  t h e  degree o f  p o l a r i z a t i o n  p of  t h e  

corona,  and the  p o l a r i z a t i o n  angle  a for e i g h t  r a d i a l  d i r e c t i o n s  

a t  d i s t a n c e s  of 1.5 - 5*0 solar r a d i i  Rg from t h e  c e n t e r  o f  t h e  

s o l a r  d i sk .  I n  t h e  case of  western e q u a t o r i a l  d i r e c t i o n s  i t  w a s  

e f f e c t e d  t o  d i s t a n c e s  up t o  7 R g .  

COVER-TO-COVdR TXANSLATION 

The s t u d y  of  p o l a r i z a t i o n  of t h e  cont inuous coronal  yadia- 
t i o n  c o n s t i t u t e s  a g r e a t  i n t e r e s t  f o r  a s c e r t a i n i n g  t h e  s t r u c t u r e  and 
t h e  &%ape o f  t h e  corona, f o r  t h e  de te rmina t ion  02 e l e c t r o n  concen- 

t r a t i o n  and for a s e r i e s  o f  otiher s o l a r  phys i c s '  problems, A s e r i e s  

of works have been devoted t o  t h a t  s u b j e c t  m a t t e r  [I - 41. But-.very 

few w o r k  were s p e c i f i c a l l y  devoted t o  corona measurement at g r e a t  

d i s t a n c e ;  (1. e .  > 4 R @  from t h e  c e n t e r  of  t h e  s o l a r  disk). 

An a t tempt  is made i n  t h e  p r e s e n t  work t o  determine t h e  pola-  

r i z a t i o n  0 2  t h e  corona at d i s t a n c e s  from I t o  7 R  , from t h e  c e n t e r  

of t h e  solai-  disk. T o  t h a t  e f f e c t  were u t i l i z e d  m a t e r i a l s  ob ta ined  

by t h e  au tho r  du r ing  t h e  t o t a l  s o l a r  ecl ipse .. of 30 June 1954 at a 

p l a c e  nalved Koze le t s ,  75 k m  t o  t h e  n o r t h  of Kiev. 
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Photographing o f  t h e  corona vas  e f f e c t e d  by a t h r e e - l e n s  

cane ra  with Apo-Tessar o b j e c t i v e s  l/g9 f = 45 cm, p rov id ing  t h r e e  

simw;&taneous photographe sf the aorona &t t h r e e  ~ 0 l a r o L d  p o s i t i o n s  
. whose p o l a r i z a t i o n  p lanes  were o r i e n t e d  a t  120° angle with  one . 

ano the r .  The p o l a r i z a t i o n  p l m e  o f  t h e  f i r s t  p o l u o i d  co inc ided  

with t h e  p r o j e c t i o n  of t h e  axis o f  t h e  Sun. The o b j e c t i v e s  were 

provided with a yel low f i l t e r .  The photographs were obta ined  on t h e  

r o t  r a p i d  Agfa p l a t e s  with an 87 s.exposure.. The c a l i b r a t i o n  vms 

conducted with t h e  h e l p  o f  a spec t rog raph  wi th  a stepvcise c l e a r i n g  

agent .  The c a l i b r a t i o n  p l a t e  and t h e  p l a t e  wi th  t h e  photocraph of  

darkening  were taken  from t h e  same box. The c h a r a c t e r i s t i c  curve was 

cons t ruc t ed  f o r  t h e  r e g i o n  o f  wavelengths corresponding t o  t h e  sys-  

tem f i l t e m p l a t e .  The photometr ic  e v a l u a t i o n  w a s  e f f e c t e d  on a impro- 

ved microphotometer N q -  4 with  an a d a p t e r  f r o m  a p h o t o m u l t i p l i e r  

and e l e c t r o n  po ten t iome te r  37UI -09. The microphotometer 's  s l o t  c u t  

o u t  a 0.05 x 0.05 rnm2surface on t h e  p l a t e  (0.025 R o )  ; 

t h e  photopla te  corresponded t o  19.5 mrm on t h e  r e g i s t e r .  

1 mm on 

The photometr ic  e v a l u a t i o n  was conducted d o n g  N -  S and 

W - E. d i r e c t i o n s  and a t  an angle  o f  45' between them. Zvery photo- 

m e t r i c  cu t  w a s  e f fe .c ted  t k i c e  { i n  a d i r e c t  and r eve r se  d i r e c t i o n s ) ,  

and f o u r  p a i r s  o f  curves  o f  t h e  form i n d i c a t e d  i n  Figure 1 have been 

ob ta ined .  The s t a b i l i t y  o f  t h e  dev ice ' s  r 

o p e r a t i o n  w a s  checked by background r e -  

cord ing  i n  t h e  determined p a r t  o f  t h e  ,~ 
N - *,#c*,,-&p - = = -- b 

nega t ive  p r i o r  and a f t e r  t h e  r eco rd ing  4~ Diwi>.trt d j  

i d  FGGIb ' 
o f  each d i r e c t i o n .  The photometr ic  Fig. 1 
process ing  o f  t h e  m a t e r i a l  w a s  conducted by t h e  genera l ly-accepted  

method. The de termina t ion  of  t h e  degree of  p o l a r i z a t i o n  and of  t h e  

p o s i t i o n  o f  its plane w a s  made by t h e  g raph ic  method due t o  D .  A.  

Rozhkovskiy [SI, and which is based on V, G. Fesenkov formulas E73 0 

Such de termina t ions  i n  t h e  1.5 -3.0 R e  i n t e r v a l  from t he  c e n t e r  

o f  t h e  d i s k  were made every  0.25 R@, and at g r e a t  d i s t a n c e s  - 
at  every  0.5, R 0. 
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The account ing  of  t h e  background of  non-coronal o r i g i n  

( l i g h t  d i f f u s i o n  i n  t h e  appa ra tus ,  and d i f f u s i o n  o f  t h e  sky  l i g h t )  

was car r ied .  ou t  by a method proposed i n  r e fe rence  [8] i, e. a curve 
r e p r e s e n t i n g  t h e  aggrega te  o f  d i f f u s e d . l i g h t  w a s  p l o t t e d  03 every  

r eg i s t rog ram ( see  f i g ,  1 - d o t t e d  l i n e ) ,  which w a s  an i n t e r p o l a t i o x  

between t h e  d e n s i t y  of  darkening on t h e  1JIoonts d i s k ,  and t h a t  a t  d i s -  

t a n c e s  of  t h e  o r d e r  of 7Re9 ' where t h e  i n t e n s i t y  o f  t h e  corona a l r eady  

w a s  n e g l e c t i n g l y  s m a l l  i n  comparison with t h e  background. 

The r e s u l t s  o f  measurements of  t h e  degree o f  p o l a r i z a t i o n  p 

( i n  p e r c e n t )  f o r  th6  s e l e c t e d  d i r e c t i o n s  a r e  conpi led  i n  Table  1, 

Figures- 2 and 3 give t h e  graphs of p as a f u n c t i o n  o f  t h e  d i s t a n c e  

R/Rafrom t h e  c e n t e r  o f  t h e  s o l a r  d i s k ,  T h e o r e t i c a l  curves  of  p o l a r  
and e q u a t o r i a l .  p o l a r i z a t i o n  of  t h e  d i r e c t i o n s  f o r  t h e .  corona of  t h e  

minimum epoch a r e  also p l o t t e d  i n  Figure 2. A s  may be s e e n  froin t h e  

graph,  observed and t h e o r e t i c a l  p o l a r i z a t i o n  curves f o r  t h e  p o l a r  

d i r e c t i o n  a r e  c lose .  It  is l i k e l y  t h a t  t h e  p o l a r i z a t i o n  i n  t h e  equa- 

t o r i a l  d i r e c t i o n ,  f o r  t h e  curves of which t h e r e  is d ivergence ,  depends. 

t o  a g r e a t e r  degree on t h e  shape o f  t h e  corona, f t  had. i n  t h e  western 

I 

d i r e c t i o n  txo rays e longated  a long  t h e  equa to r ,  and i t  w a s  more i n t e n -  

se .  Th i s  gave t h e  p o s s i b i l i t y  o f  determining t h e  p o l a r i z a t i o n  till 
7 R g  from the  c e n t e r  of  ' the d i sk .  

, 
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. I n  F i g ,  2 t h e r e  i s  a maxinium for t h e  wes te r ly  d i r e c t i o n ,  

which is  l o c a t e d  f a r t h e r  than  t h e  t h e o r e t i c a l .  M, A ,  Vashakidze [4] 
a@@ufrlea kbas else psla2i.%wl%sn max&v\urn fox, w rUQF* %fi%a,mea #UPBt3# 

s h i f t s  f a r t h e r  away from t h e  Sun ' s  l imb.  

34 
26 
27 
26 
27 
28 
34 
25 
18 
15 . 
14 

- 
RIR@ - 
1,50 
1,75 
2,OO 
2.25 
2,50 
2,75 
3900 
3,50 
4900 
4,50 
5,OO 
5 ,SO 
6,00 

' B,50 
. 7,oo 

28 
35 
37 
40 
42 
48 
40 
36 
39 
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36 
38 
41 
38 
43. 

- 
N 

31 20 
24 9 
27 10 
31 14 
34 12 
34 14 
35 13 
38 17 
38 12 
37 10 

12 
7 
6 
3 
I 
1 

. .  

21 
18 
13 
11 
8 
'8 
10 
"7 

9 
12 
0 

L_ 

S - 
11 
6 
2 
1 
2 
1 
3 

TABLE 1. 
- 
NE 
- 
18 
9 
9 
IO. 
10 
12 
11 
15 
12 
10 

Data on t h e  p o l a r i z a t i o n  

angle  CX ( i n  deg rees )  are .presen- 

t e d  i n  Table 2 and F igure  4. 
Angles between t h e  p o l a r i z a t i o n  

plane at a given p o i n t  and t h e  

r a d i a l  d i r e c t i o n  a r e  g iven  i n .  

Table 2.  The p o s i t i v e  angle  is  

* counted clockwise from t h e  r a d i u s .  

_-- 

The e s t i m a t e  of  e r r o r s  p and 

is d i f f i c u l t ,  f o r  t h e s e  magnitudes 

depend on t h r e e  va lues  o f  i n t e n s i t y  

everyone o f  which l i a b l e  t o  i n c l u d e  

an e r r o r  of  any s i g n .  I n  o r d e r  t o  

D 

eva lua te  t h e  e r r o r s  of  t h e  ob ta ined  p o l a r i z a t i o n  v a l u e s ,  determined 

were: t h e  r e l a t i v e  e r r o r e  a p / p  for t h e  va r ious  d i s t a n c e s  i n  several. 
d i r e c t i o n s  from t h e  c e n t e r  of  t h e  d i s k .  TheAp/p computation have been 



conducted for var ious  (s ign-wise)  v a r i a n t s  of  e r r o r  va lues  o f  t h e  

t h r e e  i n t e n s i t i e s  e n t e r i n g  i n t o  t h e  expres s ions  f o r  t h e  de te rmina t ion  

o f  Ap/p I t  w a s  e s t a b l i s h e d  i n  working out  t h i s  p r o c e s s ,  t h a t  t h e  
when “the ChPrJ@ Pfieon@itP@@ have %he Bkg%i PI$ Lftb2.P f P ) Y b ~ E t b l ~ r  . 

A m a x i m u m  va lue  f o r  Ap/p was chosen among s e v e r a l  v a r i a n t s  of  Ap/p - 
I 

c a l c u l a t i o n .  It r e s u l t e d  t h a t  for d i s t a n c e s  of 3.0 and 4.0 R@ from 

t h e  c e n t e r  of  t h e  disk,Ap/p)vas r e s p e c t i v e l y  equa l  t o  15 and 65 p e r c e n t ,  

For a 5 330 t h e  e r r o r s  exceed 100 pe rcen t .  It is necessary  t o  no te  

t h a t  measurements at a d i s t a n c e  o f  1 . 5 R ~  a r e  s u b j e c t  t o  s u b s t a n t i a l  
e r r o r s - o n  account  of g r e a t e r  d e n s i t y  of  t h e  nega t ive .  D i f f e r e n t  e r r o r s  

a r e  ob ta ined  f o r  va r ious  d i r e c t i o n s .  For  technuca l  r easons ,  t he  r e l a -  

t i v e  e r r o r  n p / p  i n  t h e  iW d i r e c t i o n  is o f  25% at  a d i s t a n c e  o f  2.5 R a s  
and -90% - f o r  ~ R o .  Apparently,  t h e  p o l a r i z a t i o n  va lues  a r e  i n  t h i s  

case  under ra ted .  I n  t h e  SVi d i r e c t i o n  Ap/p are r e s p e c t i v e l y  equal  t o  

30 and 85 p e r c e n t  for 3 P,@ and ~ R Q .  The funciarnental e r r o r  f o r  p 

is probably l i n k e d  wi th  t h e  e r r o r s  i n  the account ing  of d i f f u s e d  l i g h t .  

The abso lu te  e r r o r  was determined f o r  t h e  p o l a r i z a t i o n  .angle . 
Its expres s ion  w a s  ob ta ined  by way o f  Fesenkov forrilula d i f f e r e n t i a t i o n  * 

The computation of e r r o r s  f o r  va r ious  d i r e c t i o n 6  has  shown t h a t  t h e  

w e s t e r l y  d i r e c t i o n  b e a r s  t h e  s m a l l e s t  errors’ ( a t  3 from t h e  ,cen ter  . ’  

t h e  e r r o r  is .? 2’ and at 4 R@ i t  re‘aches 2 9’). It may be s e e n  from 
Table 2, t h a t  t h e  p o l a r i z a t i o n  i n  t h a t  d i r e c t i o n  may be cons idered  as 

. - . 
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r a d i a l .  I n  t h e  case of  t h e  e a s t e r l y  e q u a t o r i a l  d i r e c t i o n ,  t h e  pola-  

r i z a t i o n  p l ane  is as an average d e f l e c t e d  from t h e  r a d i a l  d i r e c t i o n  

by 18O. 
The same photographs were used i n  thd work'of r e f e r e n c e  [g] 

f o r  t h e  de te rmina t ion  of t h e  p o l a r i z a t i o n  i n  e q u a t o r i a l  r a y s  by ano the r  

method. The p o l a r i z a t i o n  course ob ta ined  by u s ,  and t h e  p o l a r i z a t i o n  

plane p o s i t i o n  f o r  e q u a t o r i a  d i r e c t i o n s  co inc ide  wi th  t he  r e s u l t s  o f  

r e fe rence  L9l. However t h e  p o l a r i z a t i o n  obta ined  i n  t h e  l a t t e r  is 

-16 
--L9 
-18 
--I$ 
-20 
-17 
-16 
-15 
-20 
-30 
-24 

. 

h i g h e r ,  and t h a t  is expla ined  by t h e  f a c t  t h a t  t h e  problem t h e r e  was 

t o  o b t a i n  p o l a r i z a t i o n  i n  rays .  I n  connect ion wi th  t h i s ,  maximum va lues  

o f  i n t e n s i t i e s - a t  every  t r a n s v e r s e  cross s e c t i o n  o f  t h e  r a y  were s e l e c -  

t e d  du r ing  t h e  process ing .  The p o l a r i z a t i o n  may a l s o  be cons idered  as 

r a d i n l  i n  t h e  remaining d i r e c t i o n s  wi th in  t h e  l i m i t s  of  t h e  p r e c i s i o n  

of measurements. The NIF? d i r e c t i o n  r e s u l t e d  t h e  worst, j u s t  as a t  t h e  

computation o f  e r r o r s  f o r  p. The same may be seen  from t h e  same va lues  

d ( Table 2 ) .  General ly-speaking,  t h e  de te rmina t ion  of  t h e  a n g l e s  o( 

is b e s e t  wi th  g r e a t e r  e r r o r s  than  t h a t  01 t h e  degree of p o l a r i z a t i o k  p. 

The sources of  t h e s e  errors may be t h e  r e s u l t  o f  i n a c c u r a t e  account ing  

o f  t h e  d i f f u s e d  l i g h t ,  of an i u p r e c i s e  Po la ro id  o r i e n t a t i o n ,  and also 

of  an' i n s u f f i c i e n t l y  p r e c i s e  de te rmina t ion  of  p o s i t i o n  abgles of  photo- 
r e c u l t  o f  t h e  smal lness  o f  t h e  corona iiliage. n e t r i c  ..i c,uts  , as a 

The au'thor conveys h i s  

\v 
I_ 

- 2  
- 4  - 4 
- 1  

0 
0 

,- 4 
0 
0 
0 

,-- 2 
- 5  
-10 
-13 
-10 

thar  

-21 
-16 
- 3  
- 5  
+ 8  
+ 3  
+11 
$15 
4-15 
+31 

-14 ,+; - +I 

-15 + 5 
-13 +35 
-13 -11 
-13 - 1 
-13 0 
-13 -16 
-25 -40 
-35 -23 

:s t o  G.  $1. Nilcol 'skiy f o r  ..is con- 
s t a b t  a t t e n t i o n ,  h i s  counsel  and t h e  d i s c u s s i o n  o f  t h e  wo5k. 
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